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We, Akram Saboum*., also known informally as Adam Saboum, a citizen of the United 
States residing at 300 Winston Drive #721, Cliffside Park, New Jersey 07010, and Mei-Fong 
King, a citizen of the United States residing at 36795 Spruce Street, Newark, CA 94560, do 
hereby declare and state that: 

1. Akram Sabbuni is a co-inventor, along with Edward J. Rozhon, Atul S. 
Kh&iidwala, Gul P. Balwani, Jody Wai-Han Chan, and David F. Sesin, of the subject matter 
disclosed and claimed in U.S. Application Serial No. 09/712,033 ("the '033 application"), filed 
November 14, 2000, which claims priority to U.S. Application Serial No. 08/730,772, filed 
October 16, 1996, now abandoned. 

2. Mei-Fong King was a research technician working at Shaman Pharmaceuticals, 
Inc. j under the direction of Akram Sabouni at the time the invention claimed in the '033 
application was made. 
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3 . We understand that the claimed invention relates to methods for treating secretory 
diarrhea in animals by administering a pharmaceutical composition comprising an aqueous 
soluble proanthocyanidin polymer composition isolated from a Croton species or a Calophyllum 
species in which the proanthocyanidin polymer composition is formulated to protect the 
proanthocyanidin polymer composition from the stomach environment, e.g.. by formulation with 
an enteric coating. 

4. Akram. Sabouni, along with co-inventors Edward J. Rozhon, Alul S. Khandwala, 
Gui P. Bahvani, Jody Wai-Han Chan, and David F. Sesin, previously executed a Declaration of 
the Inventors Under 37 C.F.R. § 1.131 (hereinafter "the 131 Declaration"), which we understand 
was submitted to the United States Patent and Trademark Office in connection with the above- 
identified application on September 27, 2006, and a copy of which is attached hereto as Exhibit 
A. 

5. A copy of Report No. SP-303-E-074 entitled "Effect of Enteric Coated SP-303 on 
Intestinal Fluid Accumulation in Cholera Toxin-treated Mice" f^thc Report") is Exhibit 2 of the 

1 3 1 Declaration. The Report summarizes the results of two experiments in which enteric coated 
heads of SP-303 were orally administered to mice who had been given cholera toxin, resulting in 
a significant reduction in fluid accumulation compared to controls. The experimental design is 
detailed on pages 4 and 5 of the Report. 

6. We are the authors of the Report. Although the dates were .removed from the 
document, we confirm that we authored the Report prior to August 16, 1996. The experiments 
described in the report were carried out by Mei-Fong King under the direction of Akram 
Sabouni. in tact, the Report summarizes data from laboratory notebook nos. 333 and 368 of 
Mei-Fong King, copies of which were included as Exhibits 3 and 4, respectively, of the 131 
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Declaration, Although the dates on Exhibits 3 aad 4 have been removed, we confirm that these 
documents are dated prior to August 16, 1996 and that the work reported in these Exhibits was 
carried out prior to August 16, 1996. 

7. We understand that the copy of the Report submitted as Exhibit 2 of the 131 
Declaration was not signed or dared, although lines for our signatures appear at the cod of the 
report. After diligent review of our files, we have been unable to locate copies of the Report 
with original signatures. We also understand that Napo Pharmaceuticals, Inc. has been unable to 
locate, any signed copies of the Report. To eoufirm our authorship of the Report, we hereby sign 
and date a copy of the Report. This executed versiun of the Report is attached hereto as Exhibit 
B. Although we have provided the actual date that we signed the copy of the Report attached 
hereto, we confirm that we wrote the Report prior to August 16, 1996. 

8. We declare further that all statements made in this Declaration of our own 
knowledge arc true and that all statements made on information and belief are believed to he true 
and further that these statements are made with the knowledge that willful false statements and 
the like so made arc punishable by fine or imprisonment, or both, under Section 1001 of Title 18 
of the United States Code, and that such willful false statements may jeopardize the validity of 
die application or any patent issuing thereon, 
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This report summarizes the results of two experiments. The purpose of this study was to 
determine the effect of enteric-coated SP-303 on fluid accumulation in the intestinal tract of mice 
treated with cholera toxin (CT). Inhibition of fluid accumulation in this model by a test 
compound indicates the potential of the compound as aa antidiarmeal agent. At initial time (t$), 
mice were orally dosed with CT ( 15 jig per average body weight of ~ 20 g ) and anorectal!*- 
sealed with a cyanr>acry$amjde ester, three hours later {%$ h) t a single dose suspension of enteric 
coated SP-303 (01 rag $F-303/kg) in 0,75% gum guar {vehicle) was administered by oral 
gavage. Water and control solutions consisting of equivalent concentration of Eudragtt and sugar 
in vehicle were also administered to two control groups. After 6 or ? hour (t$ and tj h) 
incubation of CT, mice were sacrificed and the entire mwim small intestine tissue from the 
pylorus to the rectum including cecum was isolated. Fluid accumulation (FA) was measured as 
the ratio of the mass of accumulated fluid in the small intestine and rectum including cecum 
versus the mass of the small intestine minus the mass of the fluid. Under the experiment 
conditions, eateric coated SP-303 was shown to sigrdScantly reduce fluid accumulation in die 
small intestine of sealed adult mice treated with CT. m the second experiment, oral enteric 
coated SP-303 was capable of reducing the FA ratio by an average of 45% and 38% compared to 
the mean FA ratio in water controls and Eudia^t/sugar/vehiele controls, respectively, at a 
concentration of 13 1 mg SP-303/kg. 

!. INTRODUCTION 



SP-303 is an oKgomeric proanthocyanidin isolated from the South American tree Croton 
kchleri. The compound is currently being evaluated in preclinical trials as aa anttdiarrheal drug 
candidate, SP-303 previously exhibited activity in the cholera toxin/mouse model when it was 
administered orally in a solution of 1% NaHC<>3 (Reports # SP303-E-069 and SP3Q3-E-07G). 
By contrast, when the compound is dosed in art aqueous vehicle, it is not active. These findings 
combined with the known liability of the compound at acidic pH values {m-house unpublished ' 
data), suggest that it is necessary to protect SP-303 from the acidic eavtanmeat of the stomach 
(pH - 1 .5) to obtain activity. Thus, SP-303 was manufactured as enteric coated beads which are 
designed to resist dissolution at acidic pH. However, once in die neutral to slightly baste pH 
environment of the small intestine, the enteric coating readily dissolves and releases SP-303 
Therefore, the purpose of the studies described in this report were to determine if enteric coated 
SP-303 would be active in the cholera toxin/mouse model. 

Eudragit is an acrylic polymer frequently used in the coating of solid dosage forms Eudtogit 
aims are insoluble below pH 5 and thus resistant to gastric fluid. The Eudragit film dissolves at 
pH values above 5.5, and thus dissolves in the neutral to weakly alkaline medium of the intestinal 
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fluid, Enteric coated SP-303 beads were prepared by PMRS (Pharmaceutical Mamifactwring 
Research Services) for testing in the CT mouse model. 

& PURPOS E 



The purpose of these experiments was to determine the effect of enteric-coated SP-303 on fluid 
accumulation ia the intestinal tract of mice treated wife cholera toxin (CT/moase model). 

3. CHEMICALS AND EQUIPMENT 

3.1. MaierliJs 

The fallowing materials were obtained from coraniercial suppliers: cholera toxin {list 
Biological Lab, lot # CVX-48-3D); cyano-acryiamide ester (Borden lac, Columbus, OH); 
animal feeding needles (Popper and Sons, Hyde Park, NY); sodium bicarbonate {ACRQSlot 
# 83559/1); gum guar (Sigma, lot # 94H0195); enteric coated SP-303 {PMRS, lot * R10574 
); Eudragk L30E> {PMRS, lot # R1053S); 40-60 mesh sugar spheres (PMRS, lot # R 10542), 

3,2> Preparation of CT Stock and Dosing Solutions 

One mi of HPLC grade water (Mill Q) was added to one List Biological vial containing 1 aig 
of CT prior to dosing animals. Two different vials were pooled and stored at 4° C. CT 
dosing solutions were freshly prepared by diluting 240 pi of CT stock solutions with 560 pi 
of 7% NaHCO} ( Final concentration of H3HCO3 was 4.9%. Each mouse received 15 fig of 
CT in 50 |tl volume by oral gavagc at initial time (to). 

3.3. Preparation! of SP-303 Enteric Coated Beads 

3.3,1. SP*303 layering and Enteric Coating Components 

The formulation for enteric coated SP-303 beads contains 173% (w/w) of nonpareil seeds 
(sagar spheres, 46760 mesh) (Paulaur, lot * 60084060), 64.5% SP-303 (Shaman, lot # PL- 
097), 1 .5% hydroxy-propyl methytceiluiose (HFMC, Dow Chemical Co., lot # • 
MM9410162E), 0.5% Opadry Clear (Colorcon, lot # SS35563), IA,S% Eitdragit L30D 
(Rohm Tech, lot # 1250514132), 1.45% triethyl citrate (Morfiex, lot #N5X29i>. glyceryl 
ffionostearste (Rohmn Tech, lot # 502-229), and purified water (USF). 

33.2, SP-303 layering and Enteric Coating Process 
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The SP-303 layering coating solution was prepared by adding HPMC and SP-3G3 to 
purified water, USP. The SP-303 solution was then mixed well until it was dissolved. The 
nonpareil seeds were loaded into the product bowl of the fluid bed processor (Niro- 
Preeision Coater). The SP-3G3/HPMC solution was thee layered on the oonpareil seeds by 
spraying the solution onto the flmdized nonpareil seeds. A target bed temperature was 
maintained at 30-35° C SP-3Q3 layering process was continued until all the solution has 
bees applied. Once die SP-3G3 layering has been completed, a seal coat using Opadry 
Clear (prepared by mixing the Opadry Clear with Purified Water, USP) was applied. The 
target bed temperature was maintained at 30-35° C When the seal coat has been applied, 
the pellets were discharged and screened through a 1000 u and 425 fi screens. The layered 
spheres of which size is larger than 425 u and smaller than 1000 u were charged back into 
fluid bed processor. Meanwhile, the enteric coating solution was prepared by adding 
trietoyl citrate and glyceryl monostearate to water that has been heated to 65° C with 
continued raking. This solution was added to the Eudragit JL30D-55 while mixing. The 
resulting enteric coating solution was then sprayed onto the layered spheres in the flaidized 
bed processor. The bed tenaperature was iriuintHiued at 30-35° C until all enteric coating 
solution was layered on the beads. 



3.4. Preparation of Dosing Solution 

To facilitate oral gavage and prevent instantaneous settling of the beads, a thickening agent, 
gum guar was used. One hundred ml of 0.75% guar gum was prepared and adjusted to pH 2 
with 2 ml of 0.5 M HCL Enteric coated SP-303 beads were suspended in 0.75% gum guar 
solution. Control solution consisting of equivalent final concentrations of Eudragit and sug» 
was also prepared in 0.75% gum guar solution, 



4. METHODS 

The experiments were performed according to Gabriel et a!. (Reports # SP303-E-069 and SP303- 
E-070). 50- to 52-day-old male mice with body masses that ranged from 15.7 to 18.7 g were 
used. Test animals were wild type C57BI/6 and were obtained from Charles River Lab. All 
animals were maintained in metabolism cages with water ad libidwi for Ojs duration of the 
experiment, Mice were fasted for 24 hours prior to stait of die experiment and were deprived of 
food during the course of experimentation, initially % h), mice were orally dosed with CT 
( I5jjg) arid anorecially sealed with a cyano-acryiamide ester (Superglue). Three hours later O3 
h), mice were orally dosed with a suspension of enteric coated SP-303 in gum guar solution. 
After a 6 {% h) or 7 hour ({7 h) incubation of CT, mice were sacrificed and the entire murine 
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small intestine from the pylorus to the rccrura Including cecum were isolated. Care was taken to 
avoid (issue rapture and loss of fluid, and the attached mesentery and connective tissue were then 
removed The mass of the tissue and Sic fluid within was determined using an analytical 
balance. The tissue was then opened longitudinally, the fluid removed, and the tissue was patted 
dry. Huid accumulation was measured as ratio of the mass of accumulated fluid io the intestine 
{small and large including cecum) versus the mass of the intestine minus the mass of the fluid. 

5. STATISTICAL ANALYSIS 

Statistical comparisons of the fluid accumulation ratio for different treatments were made by 
analysis of variance using Microsoft Excel (version 5.0), A p-vahte of p < 0.05 was used to 
determine significance. Duncan's multiple range test was carried out to determine whether 
statistically significant reductions in CT- induced fluid accumulation ratios occurred in enteric 
coated SP-303 -treated mice compared to animals treated with CT and administered with only 
H2O or Eudragit plus sugar in 0,75% gum guar solution 

6. EXPERIMENTAL DISIGN 

6.1. Ixp0rfffl€mtl 

Estperiment 1 was carried out on A total of 25 mice {5 mice per each 

treatment) were used in this study as follows: 

Group A: mice were gavaged with CT at to followed by a single dose of H^O at 13 and 
sacrificed at t§ after CT dosing. 

Group 8: mice were savaged with CT at to. At t 3 , the mice received a single dose of 
enteric coated SP-303 (131 nig SP-303&g body weight). The vehicle coasted of a 
0.75% gum guar solution . All animals were sacrificed at tg. 

Group C: mice were gavaged with CT at to. At t 3> the mice received a single dose of 
enteric coated SP-303 ( 13 i mg SP-303/kg body weight). The vehicle consisted of a 
0,75% gum guar solution. All animais were sacrificed at t?. 

Group D: mice were gavaged with CT at to followed by a single dose of 0.75% gum guar 
solution at 13 and sacrificed at t§ after CT dosing. 

Group E: mice were gavaged with CT at to. At. t 3 , the mice received a single dose of 
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equivalent concentration of Eudragit and sugar (1.33 mg of Eudragit plus L046 mg of 
sugar per kg body weight). The vehicle consisted of acidified Q.75% gum guar solution. 
All animals were sacrificed at tg. 



f» X Experiment K 

Experiment a was carried out on A total of 24 mice (8 mice per each 

treatment) were used in dtis study as follows: 

Group A: mice were gavaged with CT at to followed by a single dose of HjO at t 3 and 
sacrificed at t? after CT dosing. 

Group B: mice were gavaged with CT at trj. At 13, the mice received a single dose of 
enteric coated SP-303 (131 mg SP-303&g body weight). The vehicle consisted of 
acidified CTS'Sfc gum guar solution. Ail animals were sacrificed at t?. 

Group C; mice were gavaged with CT at to. At t^, the mice received a single dose of 
equivalent concentration of Eudragit and sugar (1.33 mg of Eudragit plus 1.046 mg of 
sugar per kg body weigh*). The vehicle consisted of acidified 0.7S& gum guar solution. 
All animals were sacrificed at t?. 

7, RESULTS AND DISCUSSION 

7.1. Experiment I 

Table 1 and Figure 1 show the effect of enteric coated SP-303 beads on inhibition of CT- 
induced fluid secretion in the sealed aduit mouse model. SP-303 significantly (p<0.GS) 
reduced CT-induced fluid accumulation following oral single dose administration of 131 
mg/kg after a seven hour incubation with cholera toxin (group QX Compared to the control 
group that was treated with water (group A), and the second control group that received 
Eudragit plus sugar (group E) T group C (SP-303 coated beads in vehicle) significantly 
reduced the ratios of fluid accumulation by as average of 32% and 29%, respectively. 
Despite a smaller FA ratio for group C vs. group D (gum guar vehicle only), no statistical 
significance was found between both groups. Furthermore, when the total CT incubation 
time was only 6 h (not 7 has for group C), enteric coated SP-303 in vehicle did not reduce 
fluid accumulation in the intestine (group B), The stomach of several mice in group B was 
opened at t$ and visually examined, A significant number of the dosed SP-303 enteric coated 
beads in gum guar solution was found in the stomach. This might explain the higher FA ratio 
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found ifi this group. 

As a tesult of the difficulties encountered in oral gavaging the enteric coated beads, oae 
mouse from group B and C died Addttipnally, for unknown reasons, one mouse in group A 
(water only) died following gavage administratioa. 



Table 1. Hie effect of enteric coated SP-303 beads oa intestinal fluid aceuinutetioo in CT- 
traated rake 



Group 


No. of 


Treatusent 


Evaluation 


Fluid Accumulation* 




Mice 




TiiaeCh) 


{mg fluid /mg intestine) 


A 


4 


H 2 0 


6 


1.49 ± 0,09 a 


B 


4 


131 mg coated SP- 


6 


1.56 ±0.12 a 






303 in gum guar /kg 






C 


4 


131 mg coated SP- 


7 


1.02* 0.10 b 






303 in gum guar /kg 






D 


S 


0.75% gum guar 


6 


l,W± 0.08 b 


E 


5 


Hudragit & sugar/ 


6 


1.44 ± 0.11 a 






gum guar' 







* Means m sharing letter in common, differ significantly (p< 0.05) by Duacaa's Multiple 
Range Test 
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Figure 1, Effect of enteric coated SP-303 beads on istesrirtal Mid accumulation in CT- 
treated mice. Croups A, B, C, 0, aad E are explained in Table 1 n well as m the text 



6.2. Experiment fl 

Based on the results obtained in experiment I which indicated the need for longer incubation 
time to assure complete iransfet of the coated beads into the intestine, all animals in 
experiment II were sacrificed att7 after CT dosing. To achieve more reliable results, the 
number of animals was increased to 8 ruice for each grosp. Table 2 and Figure 2 show the 
effect of enteric eoafed SP-303 on CT-indticed fluid secretion in the sealed adult mouse 
model (experiment II). As could be seen, a single dose of 131 fug SP-303/kg significantly 
(P<0.05) reduced CT-induced fluid accumulation after a sevea hour iacabation with cholera 
toxin. Compared to the control groups, A aad C t SP-303 enteric coated beads (group B) 
significantly reduced the ratios of fluid accumulation by an average of 4.5<S and 38&, 
respectively* 

No mouse died as a result of oral gavage administration, 
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Table 2. Hie effect of enteric coated SP-303 beads on intestinal fluid accumulation m CT- 
treated mice 



Group No, of 


Treatment 


Fluid Accumulation* 


Mice 




(mg fluid /mg intestine) 


A 8 


H2O 


1.28 ±0.0$ a 


0 3 


13imgSP'303ingiiingua 


r O,7!*0J7b 




solution/kg 




C 8 


Ettdragit & sugar/gum guai 


1.15 ± 0.16a 




solution 





* Means not sharing letter in common differ significantly (p< 0.05) by Buacan's Multiple 
Range Test. 




Group 

Figure 2. Effect of enteric coated SP-303 beads on intestinal fluid accumulation k CT- 
treated mice. Groups A, 8. and € are explained ia Table 2 as well asinihe text 
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7, CONCLUSIONS 

Under the experimental conditions, enteric coated SP-303 was shown to significantly reduce 
flutd sccumulatiori jb the small intestine of sealed adult mice treated with CT. Based on 
experiment XL oral enteric coated SP-303 (131 mg SP-303/kg) was capable of reducing the FA 
ratio by an average of 38%, compared to the mean FA ratio in Eudragit plus sugar controls. 
These results Further support SP-303 as a potential artfidiarrheal agent. 
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Gre«p No. of 


tahr 
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A 4 






B 4 


CHtaROO, 
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C 4 


CT,«stHC0 3 




0 s 




0.75% Guar Gum 
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n 



u 
li 

li 




Gr«i$ No. of 
Mice 




tjhr 


Htt!dAccsi!snti»t»s 
(mgSuid/mgiisiestk*) 


A 8 




HjO 


1,28 A* 


S 8 






0,71 3* 


C 8 




EudmgvJ* Sugar /Gian 


LISA* 



+ Mt&ns sh«mst tetter is cammsm differ significantly by Duncan's Mnltipfe JUage'J stt 



Wit«eM«d & Undwstoca by me» j Data jirwerrtad by 



Exhibits 



Report No 

SP-3G3-E-074 


SHAMAN PHARMACEUTICALS, 
INC 


Mil *< Redacted 


Section 

PK/MetatXfiism 


Effect of Enteric Coated SP-303 on 
Intestiitai Fluid Accumulation in Cholera 
Toxin-treated Mice 


Superseded Date 

Original Edition 


Subsection 


Final 


Page 

i of w 



Abstract 

This report summarizes the results of two experiments. Hie purpose of this study was to 
determine the effect of enteric-coated SP-303 on fluid accumulation in the intestinal tract of mice 
treated with choiera toxin (CT). Inhibition of fluid accumulation in this model by a test 
compound indicates the potential of the compound as an antidiarrheal agent At initial time (to), 
mice were orally dosed with CT (1 5 ug per average body weight of ~ 20 g ) and anorectally sealed 
with a cyano-acrylarnide ester. Three hours later (ta h), a single dose suspension of enteric 
coated SP-303 (1 3 1 mg SP-303/kg) in 0.75% gum guar (vehicle) was administered by oral gavage. 
Water and control solutions consisting of equivalent concentration of Eudragit and sugar in 
vehicle were also administered to two control groups. After 6 or 7 hour (t§ and t? h) incubation 
of CT, mice were sacrificed and the entire murine small intestine tissue from the pylorus to the 
rectum including cecum was isolated. Fluid accumulation (FA) was measured as the ratio of the 
mass of accumulated fluid in the small intestine and rectum including cecum versus the mass of 
the small intestine minus the mass of the fluid. Under the experiment conditions, enteric coated 
SP-303 was shown to significantly reduce fluid accumulation in the small intestine of sealed adult 
mice treated with CT. In the second experiment, oral enteric coated SP-303 was capable of 
reducing the FA ratio by an average of 45% and 38% compared to the mean FA ratio in water 
controls and Eudragir/sugar/vehicle controls, respectively, at a concentration of 131 mg SP- 
303/kg. 

1. INTRODUCTION 

SP-303 is anoligomeric proanthocyantdin isolated from the South American tree Croion kchleri. 
The compound is currently being evaluated in preclinical trials as an antidiarrheal drug candidate. 
SP-303 previously exhibited activity in the cholera toxin/mouse model when it was adrniiustered 
orally in a solution of 7% NaHC0 3 (Reports # SP303-E-069 and SP303-E-070). By contrast, 
when the compound is dosed in an aqueous vehicle, it is not active. These findings, combined 
with the known liability of the compound at acidic pH values (In-house unpublished data), 
suggest that it is necessary to protect SP-303 from the acidic environment of the stomach (pH 
-"1.5) to obtain activity. Thus, SP-303 was manufactured as enteric coated beads which are 
designed to resist dissolution at acidic pH. However, once in the neutral to slightly basic pH 
environment of the small intestine, die enteric coating readily dissolves and releases SP-303, 
Therefore, the purpose of the studies described in this report were to determine if enteric coated 
SP-303 would be active in the cholera toxin/mouse model. 

Eudragit is an acrylic polymer frequently used in the coating of solid dosage forms. Eudragit 
films are insoluble below pH 5 and thus resistant to gastric fluid. The Eudragit film dissolves at 
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pH values above 5.5, and thus dissolves in the neutral to weakly alkaline medium of the intestinal 
fluid. Enteric coated SP-303 beads were prepared by PMRS (Pharmaceutical Mamifectariiig 
Research Services) for testing in the CT mouse model 

2. PURPOSE 



The purpose of these experiments was to determine the effect of enteric-coated SP-303 on fluid 
accumulation in the intestinal tract of mice treated with cholera toxic (CT/mouse model). 

3. CHEMICALS AND EQUIPMENT 

3.1. Materials 

The following materials were obtained from commercial suppliers: cholera toxin (List 
Biological Lab, lot # CVX-4S-3D); cyano-acrylamide ester (Borden inc., Columbus, OH); 
animal feeding needles (Popper and Sons, Hyde Park, NY); sodium bicarbonate (ACROS lot 
# 83559/1 ); gum guar (Sigma, lot # 94H0195); enteric coated SP-303 (PMRS, lot # Rl 0574 ); 
Eudragit L30D (PMRS, lot # RI053S); 40-60 mesh sugar spheres (PMRS, lot # R10542). 

3.2. Preparation of CT Stock and Boshag Solutions 

One ml of HPLC grade water (Mill Q) was added to one List Biological vial containing 1 rag 
of CT prior to dosing animals. Two different vials were pooled and stored at 4° C. CT 
dosing solutions were freshly prepared by diluting 240 ul of CT stock solutions with S60 ul 
of 7% NaHC03 v Final concentration of NaHCC>3 was 4,9%, Each mouse received 1 5 ug of 
CT in SO ul volume by oral gavage at initial time (to). 

3.3. Preparation of SP-303 Enteric Coated Beads 

3.3.1. SP-303 layering and Enteric Coating Components 

The formulation for enteric coated SP-303 beads contains 17.3% (w/w) of nonpareil seeds 
(sugar spheres, 46/60 mesh) (Paulaur, lot # 60084060), 64.5% SP-303 (Shaman, lot # PL- 
097), 1.5% hydroxypropyl methylceiiulose (HPMC, Dow Chemical Co., lot # 
MM9410162E), 0.5% Opadry Clear (Colorcon, lot # S835563), 14.5% Eudragit L30D 
(Rohm Tech., lot # 1250514132), 1.45% triethyl citrate (Morflex, lot # N5X291), glyceryl 
monostearate (Rohmn Tech, lot # 502-229), and purified water (USP). 
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3.3.2* SP-303 layering and Enteric Coating Process 

The SP-303 layering coating solution was prepared by adding HPMC and SP-303 to 
purified water, USP. The SP-303 solution was then mixed well until it was dissolved. The 
nonpareil seeds were loaded into the product bowl of the fluid bed processor (Niro- 
Precision Coaler). The SP-303/HPMC solution was then layered on the nonpareil seeds by 
spraying the solution onto the fluidized nonpareil seeds. A target bed temperature was 
maintained at 30-35° C. SP-303 layering process was continued until all the solution has 
been applied. Once the SP-303 layering has been completed, a seal coat using Opadry Clear 
(prepared by mixing the Opadry Clear with Purified Water, USP) was applied. The target 
bed temperature was maintained at 30-35° C. When the seal coat has been applied, the 
pellets were discharged and screened through a 1000 jj. and 425 j.t screens. The layered 
spheres of which size is larger than 425 u and smaller than 1000 u. were charged back into 
fluid bed processor. Meanwhile, the enteric coating solution was prepared by adding 
triethyl citrate and glyceryl monostearate to water that has been heated to 65° C with 
continued mixing. This solution was added to the Eudragit L30D-55 while mixing. The 
resulting enteric coating solution was then sprayed onto the layered spheres in the fiuiebzed 
bed processor. The bed temperature was maintained at 30-35° C until all enteric coating 
solution was layered on the beads. 



3.4. Preparation of Dosing Solution 

To facilitate oral gavage and prevent instantaneous settling of the beads, a slackening agent, 
gum guar was used. One hundred ml of 0,75% guar gum was prepared and adjusted topH2 
with 2 ml of 0,5 M HCI. Enteric coated SP-303 beads were suspended in 0.75% gum guar 
solution. Control solution consisting of equivalent final concentrations of Eudragit and sugar 
was also prepared in 0,75% gum guar solution. 



4. METHODS 

The experiments were performed according to Gabriel et al. (Reports # SP303-E-069 and SP303- 
E-070). 50- to 52-day-old male mice with body masses that ranged from 15.7 to 18.7 g were 
used. Test animals were wild type C57B1/6 and were obtained from Charles River Lab. All 
animals were maintained in metabolism cages with water ad tibiidum for the duration of the 
experiment. Mice were fasted for 24 hours prior to start of the experiment and were deprived of 
food during the course of experimentation. Initially (to h), mice were orally dosed with CT 
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(I Sj^g) and anorectaHy sealed with a cyano-acrylamide ester (Superglue), Three hours later (ts h), 
mice were orally dosed with a suspension of enteric coated SP-303 in gum guar solution. After a 
6 (t6 h) or 7 hour (t? h) incubation of CT, trace were sacrificed and the entire murine small 
intestine from the pylorus to the rectum including cecum were isolated. Care was taken to avoid 
tissue rupture and loss of fluid, and the attached mesentery and connective tissue were then 
removed. The mass of the tissue and the fluid within was determined using an analytical balance. 
The tissue was then opened longitudinally, the fluid removed, and the tissue was patted dry. 
Fluid accumulation was measured as ratio of the mass of accumulated fluid in the intestine (small 
and large including cecum) versus the mass of the intestine minus the mass of the fluid. 

5. STATISTICAL ANALYSIS 

Statistical comparisons of the fluid accumulation ratio for different treatments were made by 
analysis of variance using Microsoft Excel (version 5.0). A p-value of p < 0.05 was used to 
determine significance. Duncan's multiple range test was carried out to determine whether 
statistically significant reductions in CT-induced fluid accumulation ratios occurred in enteric 
coated SP-303-treated mice compared to animals treated with CT and administered with only 
H2O or Eudragit plus sugar in 0.75% gum guar solution. 

6, EXPERIMENTAL DESIGN 

6.1. Experiment I 

Experiment I was carried out on May 1 0, 1996, A total of 25 mice (5 mice per each 
treatment) were used in this study as follows: 

Group A: mice were gavaged with CT at to followed by a single dose of H2O at is and 
sacrificed at tg after CT dosing. 

Group B: mice were gavaged with CT at t^ At ts 5 the mice received a single dose of 
enteric coated SP-303 (131 mg SP-303/kg body weight). The vehicle consisted of a 0.75% 
gum guar solution . AH animals were sacrificed at t$. 

Group C: mice were gavaged with GT at to. At t3, the mice received a single dose of 
enteric coated SP-303 (131 mg SP-303/kg body weight). The vehicle consisted of a 0.75% 
gum guar solution. All animals were sacrificed at t?. 
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Group D: mice were gavaged with CT at to followed by a single dose of 0.75% gum guar 
solution at is and sacrificed at tg after CT dosing. 

Group E: mice were gavaged with CT at to. At t$ 7 the mice received a single dose of 
equivalent concentration of Eudragit and sugar (.1 .33 mg of Eudragit plus 1 .046 mg of 
sugar per kg body weight), The vehicle consisted, of acidified 0.75% gum guar solution. 
Ail animals were sacrificed at tg. 

6.2, Experiment H 

Experiment II was carried out on May 13, 1996. A total of 24 mice (8 mice per each 
treatment) were used in this study as follows: 

Group A: mice were gavaged with CT at to followed by a single dose of H2O at 13 and 
sacrificed at t? after CT dosing. 

Group B: mice were gavaged with CT at to. At 13, the mice received a single dose of 
enteric coated SP-303 (131 mg SP-303/kg body weight). The vehicle consisted of 
acidified 0.75% gum guar solution. All arumals were sacrificed at 17, 

Group C: mice were gavaged with CT at to. At ts, the mice received a single dose of 
equivalent concentration of Eudragit and sugar (1.33 mg of Eudragit plus 1.046 mg of 
sugar per kg body weight). The vehicle consisted of acidified 0.75% gum guar solution^ 
All animals were sacrificed at ti. 

7. RESULTS AND DISCUSSION 

7.1. Experiment I 

Table 1 and Figure 1 show the effect of enteric coated SP-303 beads on inhibition of CT- 
induced fluid secretion in the sealed adult mouse model. SP-303 significantly (p<0.05) 
reduced CT-induced fluid accumulation following oral single dose administration of 13 1 mg/kg 
after a seven hour incubation with cholera toxin (group C). Compared to the control group 
that was treated with water (group A), and the second control group that received Eudragit 
plus sugar (group E), group C (SP-303 coated beads in vehicle) significantly reduced the 
ratios of fluid accumulation by an average of 32% and 29%> respectively. Despite a smaller 
FA ratio for group C vs. group D (gum guar vehicle only), no sta&sticai significance was 
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found between both groups. Furthermore, when the total CT incubation time was only 6 h 
(not 7 h as for group C), enteric coated SP-303 in vehicle did not reduce fluid accumulation in 
the intestine (group B). The stomach of several mice in group 8 was opened at tg and 
visually examined. A significant number of the dosed SP-303 enteric coated beads in gum 
guar solution was found in the stomach. This might explain the higher FA ratio found in this 
group. 

As a result of the difficulties encountered in oral gavagmg the enteric coated beads, one mouse 
from group B and C died. Additionally, for unknown reasons, one mouse in group A (water 
only) died following gavage administration. 



Table 1 . The effect of enteric coated SP-303 beads on intestinal fluid accumulation in CT- 
treated mice 



Group 


No. of 


Treatment 


Evaluation 


Fluid Accumulation* 




Mice 




Time(h) 


(mg fluid / mg intestine) 


A 


4 


H 2 0 


6 


1.49 ± 0.09 a 


B 


4 


131 rag coated SP- 


6 


1.56 ± 0.12 a 






303 in gum guar /kg 






C . 


4 


131 mg coated SP- 


7 


1.02* 0.10 b 






303 in gum guar /kg 






D 


5 


0.75% gum guar 


6 


1.18 ± 0.08 b 


E 


5 


Eudragit & sugar/ 
gum guar 


6 


1.44 ± 0.11 a 



* Means not sharing letter in common, differ significantly (p< 0.05) by Duncan's 
Multiple Range Test 
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Group 



Figure 1 , Effect of enteric coated SP-303 beads on intestinal fluid accumulation in CT- 
treated mice. Groups A, B, C, D, and E are explained in Table 1 as well as in the text 



6 2, E3tperim«ntII 

Based on the results obtained in experiment 1 which indicated the need tor longer incubation 
rime to assure complete transfer of the coated beads into the intestine, all animals in 
experiment II were sacrificed at tj after CT dosing. To achieve more reliable results, the 
number of animals was increased to 8 mice for each group. Table 2 and Figure 2 show the 
effect of enteric coated SP-303 on CT-induced fluid secretion in the sealed adult mouse model 
(experiment II), As could be seen, a single dose of 13 1 mg SP-303/kg significantly (P<0.05) 
reduced CT-induced fluid accumulation after a seven hour incubation with cholera toxin. 
Compared to the control groups, A. and C f SP-303 enteric coated beads (group B) 
significantly reduced the ratios of fluid accumulation by an average of 45% and 38%, 
respectively. 

No mouse died as a result of oral gavage adrninistrotion. 
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Table 2. The effect of enteric coated SP-303 beads on intestinal fluid accumulation in CT- 
treated mice ■ 



Group 


No. of 
Mice 


Treatment 


Fluid Accumulation* 
(rag fluid / mg intestine) 


A 


8 


H 2° 


1.28 ± 0.09 a 


B 


8 


!3img SP-303 in gum gua) 


0.71 ± 0.17 b 






solution/kg 




C 


8 


Eudragit & sugar/gum guar 


l,\5± 0.16a 






solution 





* Means not sharing letter in common differ significantly {p< 0.05) by Duncan's Multiple 
Range Test 




Group 

Figure 2. Effect of enteric coated SP-303 beads on intestinal fiuid accumulation in CT- 
treated mice. Groups A, B, and C are explained in Table 2 as well as in the text. 
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7, CONCLUSIONS 

Under the experimental conditions, enteric coated SP-303 was shown to significantly reduce fluid 
accumulation in the small intestine of sealed adult mice treated with CT. Based on experiment II, 
oral enteric coated SP-303 (131 mg SP-303/kg) was capable of reducing the FA ratio by an. 
average of 38%, compared to the mean FA ratio in Eudragit plus sugar controls. Triese results 
further support SP-303 as a potential antidiarrheal agent. 
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